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(g) Digital-to-analogue converter. 

(§) A digital-to-analogue converter suitable for a 
pulse width modulation (PWM) system for con- 
verting input digital data to PWM signals and 
finally to an analogue signal divides the sampl- 
ing period of the input digital data into an even 
number of sampling periods, and PWM signals 
with equal pulse widths corresponding to the 
input digital data are generated (20) in respec- 
tive divided sampling periods. 
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This invention relates to digital-to-analogue (D/A) converters. 

In digital audio disc players, a D/A converter of a pulse amplitude modulation (PAM) system, or a stepped- 
wave system, in which input digital data are converted to PAM signals and finally to an analogue signal has 
been widely used. 

5 Recently, a D/A converter of a pulse width modulation (PWM) system in which input digital data are con- 

verted to PWM signals and finally to an analogue signal has come to be used. 

In this case, in order to reduce quantization noise within the audio frequency domain, and to obtain the 
necessary resolution, an over-sampling method and a noise shaping method, disclosed, for example, in Japan- 
ese Laid-open Patent Specification 61/177819, are used in combination and, thereby, 3-bit 7-value digital data 
10 D1 and D7 and PWM signals whose pulse widths are TO to 7TO corresponding to the values [1] to [7] of the 
digital data as shown in Figure 1 are generated. 

The D/A converter of the PAM system has. due to the principle upon which it is based, a good linearity and 
provides a converted analogue output signal with small distortion. However, it requires high precision current 
adders functioning accurately corresponding to weights of the bits of input digital data, and an electronic switch 
is operating with accurate timing. Hence, there have been difficulties that the circuit becomes larger if its resolution 
is to be increased, and, in addition, the overall circuit must be structured with high precision. 

Although the known D/A converter has the merit that its circuit configuration is simple, there is the problem 
that it generates even harmonic distortion, thereby to degrade the analogue signal. 

Such distortion is substantial when the signal frequency is high or the pulse rate is low. For example, as 
20 shown in Figure 2, with respect to the fundamental wave at 1 0 kHz, relatively large distortion appears especially 
in the second harmonic domain. 

To overcome these difficulties, we have already proposed a D/A converter of a PWM system, in which a 
differential component between a PWM waveform corresponding to the input digftal data and a complementary 
PWM waveform corresponding to 2s-complement data of the input digital data is derived by a differential 
25 amplifier, and the high-frequency component of the differential output waveform is eliminated thereby to obtain 
the analogue output signal with its harmonic distortion reduced (US patent application 479,163, filed 13 Feb- 
ruary 1990 ). 

This D/A converter, however, necessarily requires two PWM circuits, because it generates a pair of com- 
plementary PWM signals. 

30 According to the present invention there is provided a digital-to-analogue converter for converting input digi- 
tal data into an analogue signal, the converter comprising: 

pulse-width modulated signal generation means for generating a pulse-width modulated signal with a pulse 
width corresponding to said input digital data; and 

a low pass filterfor eliminating high-frequency components of said pulse-width modulated signal thereby to out- 
35 put said analogue signal; wherein said pulse-width modulated signal generation means divides the sampling 
period of said input digital data into a number m (= 1 , 2, 3, ...) of sampling periods and generates a pulse-width 
modulated signal with two equal pulse widths corresponding to said input digital data in each divided sampling 
period. 

According to the present invention there is also provided a digital-to-analogue converter comprising a 
40 pulse-width modulated signal generation means for generating a pulse-width modulated signal with a pulse 
width corresponding to input digital data, and a low-pass filter means for eliminating high-frequency components 
of the pulse-width modulated signal thereby to output an analogue signal, wherein the sampling period Ts of 
the input digital data is divided by an even number 2m, and the pulse-width modulated signal generation means 
generates pulse-width modulated signals with equal pulse widths n - Tu corresponding to the input digital data 
45 such that each signal is generated in each of the divided sampling period Ts/2m. 

With embodiments of the present invention, harmonic distortion can be reduced, and high a quality 
analogue signal obtained with a simple structure. 

The invention will now be described by way of example with reference to the accompanying drawings, 
throughout which like parts are referred to by like references, and in which: 
so Figure 1 is a waveform chart for explaining the operation of a previously proposed D/A converter; 
Figure 2 is a spectrum diagram; 

Figure 3 is a block diagram of an embodiment of D/A converter according to the present invention; 

Figure 4 is a waveform chart for explaining the operation of the embodiment; 

Figure 5 is a spectrum diagram; and 
65 Figure 6 is a block diagram showing another embodiment of the present invention. 

The embodiment of Figure 3 comprises an over-sampling circuit 11, which receives, through an input ter- 
minal 1, 16-bit reproduced digital audio data the sampling frequency fs of which is 44.1 kHz, and performs an 
over-sampling process for converting the received data to digital data whose sampling frequency is 64 • fs. 
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A noise shaping circuit 12 performsa noise shaping process for rounding the 1 6-bit digital data outputfrom 
the over-sampling circuit 1 1 into, for example, 3-bit 7-value digital data thereby reducing the quantization noise. 

A PWM circuit is formed, in the present embodiment, of a read-only memory (ROM) 21 and a parallel-to- 
serial converter 22. The output data from the noise shaping circuit 12 are supplied as read addresses to the 
5 ROM 21, and parallel data read out of the ROM 21 are converted into serial data in the parallel-to-serial con- 
verter 22. 

The serial data are commonly supplied to a buffer 23 and an inverter 24, and the outputs of the buffer 23 
and the inverter 24 are respectively supplied to the non-inverting input terminal and the inverting input terminal 
of a differential amplifier 27 through low-pass filters 25 and 26 for suitably limiting the slew rate. The output of 
10 the differential amplifier 27 has its level brought to twice as high as that of one of the input signals, to remove 
common mode noise. This output is led to an output terminal 2 through a low-pass filter 28. 

The operation will now be described with reference to Figure 4. 

In this embodiment, parallel data as shown in the following Table 1 are written in the ROM 21 in advance. 
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Table 1 

30 An address in the ROM 21 is selected according to the input data supplied from the noise shaping circuit 
12, and thus, a set of parallel data is read out from the ROM 21 according to the value of the input data. The 
parallel data read out of the ROM 21 are converted into a set of series data in the parallel-to-serial converter 
22, and thereby a PWM signal as shown in Figure 4 is generated. 

As understood from Figure 4, each of the odd-numbered PWM signals has the same PWM signal 
35 waveforms with a pulse width n • Tu (Tu is the unit pulse width) corresponding to the input data value [n], 
repeated in the first half and the second half of the sampling period Ts. As to the even-numbered signals, 
although each signal has the same PWM signal waveform with a pulse width corresponding to the input data 
value, that in the second half is shifted backward by the unit pulse width Tu. 

Therefore, in the middle of each even-numbered PWM signal, there is formed a low level portion at the 
40 same timing as that of the immediately preceding odd-numbered PWM signal. Thus, the waveforms of each 
signal are symmetrically divided about the centre of the low level portion, which centre is located backwardly 
of the centre of the sampling period Ts by Tu/2. 

Further, in the first half and the second half of each of the PWM signals, there are preserved the information 
of the input data in the form of equal pulse widths. Therefore, even if the clock frequency is fixed, the pulse 
45 rate becomes higher in effect and, accordingly, the second harmonic distortion can be greatly reduced as shown 
in Figure 5, and a high quality analogue signal can be obtained. 

Even if the PWM signals are such that are obtained by exchanging the waveforms of Figure 4 between left 
and right, effects completely the same as above can be obtained. 

With the embodiment described above, the pulse rate can be increased while using a simple structure. 
so Therefore, it can be advantageously applied to integrated circuits when the clock frequency is dose to the oper- 
ational upper limit. 

Although, in the above embodiment, the case where the waveform of the PWM signal is divided into two 
waveforms was described, the waveform can be divided into another even number by arranging that the PWM 
signals as shown in Figure 4 are repeatedly read out a plurality of (m) of times, while the time base is com- 
55 pressed to the reciprocal of the number of read times. 

Another embodiment will now be described with reference to Figure 6. 

This embodiment comprises PWM circuits 30, each of which in the present embod iment is formed of a ROM 
31 , 32 and a parallel-to-serial converter 33, 34. One ROM 31 stores the parallel data as shown in Table 1 written 
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therein in advance, and the other ROM 32 stores inverted parallel data obtained by exchanging "1" and "0" in 
Table 1 with each other, written therein in advance. The outputs of the parallel-to-serial converters 33 and 34 
are respectively supplied to the non-inverting input terminal and the inverting input terminal of a differential 
amplifier 37 through low-pass filters 35 and 36, and the output of the differential amplifier 37 is led out to an 
5 output terminal 2 through a low-pass filter 38. Otherwise, the structure is the same as that of Figure 3. 

The embodiment of Figure 6 operates the same as the above described embodiment and provides the same 
effects and, further, has the advantage that it can be easily modified to accommodate various changes in the 
specification. 

10 

Claims 

1. A digital-to-analogue converter for converting input digital data into an analogue signal, the converter com- 
prising: 

15 pulse-width modulated signal generation means (20) for generating a pulse-width modulated signal with a 
pulse width corresponding to said input digital data (D1 to D7); and 

a low pass filter (28) for eliminating high-frequency components of said pulse-width modulated signal 
thereby to output said analogue signal; 

wherein said pulse-width modulated signal generation means (20) divides the sampling period of said input 
20 digital data into a number m (= 1 , 2, 3, ...) of sampling periods and generates a pulse-width modulated signal 
with two equal pulse widths corresponding to said input digital data in each divided sampling period. 

2. A converter according to claim 1 wherein said signal having two pulse widths is symmetrical about a point 
at some distance from the centre of said divided sampling period. 

25 

3. A converter according to claim 1 wherein said pulse-width modulated signal generation means (20) com- 
prises ROM means (21) accepting input digital data as address data for outputting parallel data, and a par- 
allel-to-serial converter (22) for converting said parallel data to serial data corresponding to said signal with 
two pulse widths. 

30 

4 A converter according to claim 3 wherein said pulse-width modulated signal generation means (20) further 
comprises a buffer (23) and an inverter (24) arranged in parallel and commonly connected to the output of 
said parallel-tD-serial converter (22). and a differential amplifier (27) whose non-inverting input and inverting 
input are respectively connected to the output of said buffer (23) and the output of said inverter (24), wherein 
35 the output of said differential amplifier (27) is supplied to said low-pass filter (28). 

5. A converter according to claim 1 wherein said pulse-width modulated signal generation means (20) com- 
prises first ROM means (31) accepting input digital data as address data for outputting first parallel data, 
second ROM means (32) accepting input digital data as address data for outputting inverted data of said 

40 first parallel data as second parallel data, a first parallel-to-serial converter (33) for converting said first par- 
allel data to serial data corresponding to said signal with two pulse widths, a second parallel-to-serial con- 
verter^) for converting said second parallel data to serial data corresponding to said signal with two pulse 
widths, and a differentia] amplifier (37) whose non-inverting input and inverting input are respectively con- 
nected with the output of said first parallel-to-serial converter (33) and the output of said second paraliel- 

45 to-serial converter (34), wherein the output of said differential amplifier (37) is supplied to said low-pass 
fflter (38). 
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FIG. I 
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FIG. 2 
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FIG. 4 
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FIG. 5 
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@) Digital-to-analogue converter. 

(57) A digital-to-analogue converter suitable for a 
pulse width modulation (PWM) system for con- 
verting input digital data to PWM signals and 
finally to an analogue signal divides the sampl- 
ing period of the input digital data into an even 
number of sampling periods, and PWM signals 
with equal pulse widths corresponding to the 
input digital data are generated (20) in respec- 
tive divided sampling periods. 
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